The use of high-risk human papillomavirus (hrHPV) testing as an adjunct to cervical cytology in populationbased screening programs is currently based on DNA hybridization and PCR assays. The aim of this study was to prospectively assess the diagnostic performance of the Hybrid Capture 2 test (HC2; Digene Corporation) in comparison with that of the recently developed PCR-based AMPLICOR HPV test (Roche Molecular Systems) for the detection of 13 hrHPV types. A reverse line blot hybridization assay (Innogenetics) was used as an internal reference standard in discordant cases. Two hundred seventy-one patients with atypical squamous cells of uncertain significance (ASCUS) in cervical samples underwent hrHPV testing. The chi-square test was performed to compare respective proportions. Totals of 160/271 (59%) and 156/271 (58%) were found to be positive for hrHPV with HC2 and AMPLICOR, respectively. Concordant results were obtained for 235 (86.7%) of the 271 samples (kappa statistic, 0.73 ؎ 0.04). Considering types 26, 53, and 66 as oncogenic types, negative predictive values (NPVs) of HC2 and AMPLICOR were 92.8% and 87.8%, respectively (difference was not significant), and their respective accuracies were 94.8% and 91.9% (difference was not significant). Considering types 26, 53, and 66 as not oncogenic, the respective HC2 and AMPLICOR NPVs were 92.8% and 97.4% (difference was not significant), and accuracy was significantly higher for the AMPLICOR assay (95.9% versus 90.8% for HC2) (P < 0.05). For ASCUS samples, the NPV was 92.8% for HC2 testing and might be compromised if the copy number of HPV DNA was low. The NPV was 97.4% for the AMPLICOR assay and might be compromised if HPV types 26, 53, and 66 were considered oncogenic. The accuracy of these two assays is good and is compatible with routine clinical use in the triage of ASCUS cases.
The U.S. Food and Drug Administration (FDA) recently approved concurrent human papillomavirus (HPV) and Pap smear screening of women aged 30 years and more. Additionally, several consensus guidelines recommend HPV testing when evaluating patients with a cytological diagnosis of atypical squamous cells of undetermined significance (ASCUS) (18, 22) . The Hybrid Capture 2 HPV DNA test (HC2; Digene Corporation, Gaithersburg, MD), a microplate-based solidphase hybridization assay for the detection of 13 high-risk HPVs (hrHPVs) (types 16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, 59, and 68), is at present the only FDA-approved assay for the routine detection of HPV infections and the only commercially available HPV DNA assay with sufficient scientific data to support its performance in a clinical setting (1, 8, 21) . Although HC2 is the most widely used HPV test and is a sensitive and reliable test for the detection of HPV (4, 9-11, 16, 17) , several recent studies showed a significant analytical inaccuracy of the HC2 test near the cutoff, mainly due to the cross-reactivity of its high-risk probe cocktail (4, 9-11, 16, 17) .
Snijders et al. defined "analytical" and "clinical" sensitivity and specificity in order to distinguish clinically irrelevant and clinically relevant HPV positivity rates (19) . Analytical sensitivity is defined as the proportion of HPV-positive women who are correctly identified by a given test (but clinically unimportant), whereas clinical sensitivity identifies the proportion of women with disease (i.e., women with cervical intraepithelial neoplasia grade 3 or higher) who are correctly identified by a positive HPV test. However, note that HPV infection indicates a risk of having or developing a cervical lesion and is not equivalent to a morphological disorder. Although the natural history of HPV infections is not fully understood, the viral load is probably low during the first phase of infection and increases over time, in parallel with the development of cytological disorders (19) . Therefore, sensitive methods to diagnose HPV infection are needed to have a high negative predictive value for HPV-associated cervical carcinoma, particularly since most cervical smears are classified as normal or ASCUS. Indeed, for HPV testing to be introduced into cervical cancer prevention programs, HPV tests must be standardized, reliable, and accurate. (14) .
In the present study, we evaluated prospectively the analytical performance of HC2 in comparison with that of AMPLICOR with regard to the ability to reliably detect 13 high-risk HPV genotypes, i.e., HPV16, HPV18, HPV31, HPV33, HPV35, HPV39, HPV45, HPV51, HPV52, HPV56, HPV58, HPV59, and HPV68, in the setting of a routine diagnostic laboratory with ASCUS clinical situations.
MATERIALS AND METHODS
Patients. The inclusion criterion was patients with ASCUS. A screen of approximately 5,000 patients tested for HPV during the year 2004 was assessed in five centers in France (Marseille, Aix les Bains, Lyon, Le Havre, and Meylan). Two hundred seventy-one patients with ASCUS were included and underwent high-risk HPV testing of cervical samples.
Cytology. Cervical samples for liquid-based cytology (LBC) were collected by use of a specially designed sampling device, which was rinsed in the LBC medium PreservCyt (ThinPrep liquid Pap vial; Cytyc Corporation) and prepared for ThinPrep specimens following the manufacturer's recommendations.
High-risk HPV testing. hrHPV detection was done using two assays, namely, HC2 and AMPLICOR. Samples were collected in PreservCyt LBC medium (ThinPrep liquid Pap vial; Cytyc Corporation). Before being processed for the HPV DNA tests, samples were maintained between 2°C and 30°C for up to 3 weeks. Samples were mixed before collection of the volume of sample necessary to do the tests. hrHPV testing was performed on the same swab sample for each patient.
(i) HC2 assay (Digene). HPV testing was performed on a routine basis by using the HC2 assay according to the manufacturer's instructions. A test was considered positive for the presence of hrHPV DNA if the number of relative light units obtained from the luminometer equaled or exceeded the mean of the three positive control values (cutoff of 1.0 pg ml Ϫ1 ). A relative light unit measurement of Ͻ1.0 pg ml Ϫ1 indicated either the absence of the 13 hrHPV types or HPV DNA levels below the threshold of detection. Nonspecific hybridization is characteristic of types 11, 53, 54, 55, 66, MM4, MM7, MM8, and MM9.
(ii) AMPLICOR HPV PCR (Roche). For DNA extraction, an AmpliLute liquid medium extraction kit from Roche was used. For PCR amplification, a pool of HPV primers was designed to amplify HPV DNAs from 13 high-risk genotypes (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68). Capture probe sequences are specific for polymorphic regions of L1 bound by these primers. An additional primer pair targets the human ␤-globin gene (268-bp amplicon) to provide a control for cell adequacy, extraction, and amplification. AmpliTaq Gold DNA polymerase extends the annealed primers along the target templates to produce an approximately 165-bp double-stranded HPV target DNA molecule or a 268-bp ␤-globin DNA amplicon.
For hybridization after PCR amplification, the HPV amplicon and the ␤-globin amplicon are chemically denatured to form single-stranded DNA by the addition of denaturation solution. The biotin-labeled HPV and ␤-globin amplicons are hybridized to the oligonucleotide probes bound to the wells of a multiwell plate (MWP). This hybridization of amplicons to the probes increases the overall specificity of the test.
For detection following the hybridization reaction, the MWP is washed to remove unbound material, and avidin-horseradish peroxidase conjugate is added to each well of the MWP. The conjugate binds to the biotin-labeled amplicon hybridized to oligonucleotide probe 2 (HPV or ␤-globin) bound to the MWP. According to the manufacturer's specifications, the AMPLICOR test can detect HPV genotypes 31, 52, 58, and 59 at 240 copies/ml and HPV genotypes 16, 18, 33, 35, 39, 45, 51, 56, and 68 at 100 copies/ml, with a positivity rate of Ͼ95%. All genotypes are detected with a 100% positivity rate at 480 copies/ml.
Analysis of discordant results. When discordant results were observed between HC2 and AMPLICOR, we used the INNO-LiPA HPV test, a reverse line blot hybridization (Innogenetics) assay, as a reference standard. The INNOLiPA HPV detection/genotyping assay is capable of detecting and genotyping 25 HPV types simultaneously and has proved to be sensitive, specific, simple, and rapid in the assessment of HPV. Each experiment was performed with separate positive and negative PCR controls. The presence of HPV DNA was determined by hybridization of SPF 10 amplimers to a mixture of general HPV probes recognizing a broad range of HPV genotypes in a microtiter plate format, as described previously (20) .
(ii) HPV genotyping by reverse hybridization using the INNO-LiPA HPV genotyping system. A poly(dT) tail was enzymatically added to the 3Ј end of each of 25 oligonucleotides specific for 25 types, namely, types 6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68/73, 70, and 74. The tailed probes were applied as horizontal lines to membrane strips (Labo Biomedical Products bv, Rijswijk, The Netherlands). The HPV genotyping assay was performed as described previously (20) . In brief, equal volumes (10 l each) of the biotinylated PCR products and denaturation solution (400 mmol/liter NaOH, 10 mmol/liter EDTA) were mixed in test troughs and incubated at room temperature for 5 min, after which 1 ml of prewarmed (37°C) hybridization solution (3ϫ SSC [1ϫ SSC is 0.15 mol/liter NaCl plus 0.015 mol/liter sodium citrate], 0.1% sodium dodecyl sulfate) was added. One strip was used per trough. Hybridization was performed for 1 h at 50 Ϯ 0.5°C in a closed water bath with back-and-forth shaking. The strips were then washed twice with 1 ml of wash solution (3ϫ SSC, 0.1% sodium dodecyl sulfate) at room temperature for 20 s and once at 50°C for 30 min. Following this stringent washing sequence, strips were rinsed twice with 1 ml of a standard rinse solution (20) . Strips were then incubated on a rotating platform with an alkaline phosphatase-labeled streptavidin conjugate diluted in a standard conjugate solution at 20 to 25°C for 30 min, after which strips were washed twice with 1 ml of rinse solution and once with standard substrate buffer. Color development was initiated by the addition of 5-bromo-4-chloro-3-indolylphosphate and nitroblue tetrazolium to 1 ml of substrate buffer. After 30 min of incubation at room temperature, the color reaction was stopped by aspiration of the substrate buffer and the addition of distilled water. After drying, the strips were visually interpreted using a grid.
All discordant results were analyzed with the assumption that HPV26, HPV53, and HPV66 could be considered hrHPV genotypes or intermediate-risk HPV genotypes.
Statistical analysis. The accuracy, defined as the number of true positive samples plus the number of true negative samples/total number of patients, was used to compare HC2 and AMPLICOR. The kappa statistic was used to evaluate the agreement between HC2 and AMPLICOR.
The chi-square test was performed to compare proportions. Statistical analyses were performed using SAS software (SAS Institute Inc., NC). Table 1 shows the results of the comparison between HC2 and AMPLICOR. As shown, 160/271 (59%) and 156/271 (58%) samples were found to be positive for hrHPV by HC2 and AMPLICOR, respectively. Concordant results were obtained for 235 (86.7%) of the 271 samples (kappa statistic, 0.73 Ϯ 0.04); only 36 (13.3%) of the 271 samples had discordant results between HC2 and AMPLICOR ( Table 2 ). Of the discordant samples, 42% were mixed infections. Among the 36 discordant samples, the HC2 test detected hrHPV in 20 samples and AMPLICOR detected hrHPV in 16 samples.
RESULTS
HPV types 26, 53, and 66 as high-risk types. According to our reference for hrHPVs, when HPV53 and HPV66 are considered oncogenic, 8 of the 16 samples that were negative by HC2 and positive by AMPLICOR contained at least 1 of the 16 hrHPV genotypes and were considered truly positive by AMPLICOR and falsely negative by HC2. Thus, HPV18, HPV45, HPV53, HPV73, HPV18 plus HPV42, HPV42 plus HPV52, HPV52 plus HPV68, and HPV42 plus HPV45 plus HPV83 were detected in one sample each (Table 2) .
According to our reference for hrHPVs, 14 of the 20 samples that were positive by HC2 and negative by AMPLICOR contained at least 1 of the 16 hrHPV genotypes and were considered truly positive by HC2 and falsely negative by AMPLICOR. Thus, HPV66 was detected in five samples, HPV53 was detected in three samples, HPV51 plus HPV39 was detected in two samples, and HPV62 plus HPV66, HPV66 plus HPV67, HPV66 plus HPV84, and HPV51 plus HPV62 plus HPV82 were detected in one sample each (Table 2) . When considering HPV genotypes 53 and 66 as oncogenic and comparing HC2 and AMPLICOR results with the gold standard (INNO-LiPA HPV; Innogenetics), HC2 and AMPLICOR sensitivities were 95% and 91.4% (P is not significant), respectively, specificities were 94.5% and 92.7% (P is not significant), respectively, negative predictive values were 92.8% and 87.8% (P is not significant), respectively, and positive predictive values were 96.3% and 94.9% (P is not significant), respectively. Accuracies for HC2 and AMPLICOR were 94.8% and 91.9%, respectively (P is not significant).
HPV types 26, 53, and 66 as intermediate-risk types. According to our reference for hrHPVs, 7 of the 16 samples that were negative by HC2 and positive by AMPLICOR contained at least 1 of the 13 hrHPV genotypes and were considered falsely negative by HC2 and truly positive by AMPLICOR. Thus, HPV18, HPV45, HPV73, HPV18 plus HPV42, HPV42 plus HPV52, HPV52 plus HPV68, and HPV42 plus HPV45 plus HPV83 were detected in one sample each (Table 2) .
According to our reference for hrHPVs, 3 of the 20 samples that were positive by HC2 and negative by AMPLICOR contained at least 1 of the 13 hrHPV genotypes and were considered truly positive by HC2 and falsely negative by AMPLICOR. Thus, HPV51 plus HPV39 was detected in two samples, and HPV51 plus HPV62 plus HPV82 was detected in one sample (Table 2) .
When considering HPV genotypes 26, 53, and 66 as not oncogenic and comparing HC2 and AMPLICOR results with the gold standard (INNO-LiPA HPV; Innogenetics), HC2 and AMPLICOR sensitivities were 94.7% and 98% (P is not significant), respectively, specificities were 85.8% and 93.3% (P is not significant), respectively, negative predictive values were 92.8% and 97.4% (P is not significant), respectively, and positive predictive values were 89.4% and 94.9% (P is not significant), respectively. Accuracies for HC2 and AMPLICOR were 95.9% and 90.8%, respectively (P Ͻ 0.05).
DISCUSSION
Sensitive and specific methods with high negative predictive values are needed to diagnose HPV infections associated with cervical lesions, particularly when HPV is used for triaging patients with ASCUS. The present study evaluates, in a prospective way, HC2 and AMPLICOR for detecting hrHPV in patients with ASCUS. The concordance between the HC2 and AMPLICOR assays was 235/271 samples (86.7%), with a kappa statistic of 0.73 Ϯ 0.04, and hrHPV was found in 160/271 (59%) and 156/271 (58%) samples by HC2 and AMPLICOR, respectively. This concordance was similar to the 85.9% value reported by Poljak et al. (17) , and the positivity of hrHPV detection for ASCUS samples was similar to the 63% value found by van Ham et al. (20) .
Regarding the specificity of hrHPV detection, analysis of the discordant results with an independent assay (INNO-LiPA) as a reference test evidenced three main causes of discordances, namely, multiple infections (42%), the presence of genotypes 66 and 53 in 25% of the cases, and undetermined genotypes. 
